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Abstract. Renewable energy represents a major interest field in the sustainable development 
of the energies reserve. Agri-pellets are an efficient version of the average pellet, both in reducing 
greenhouse gas emissions and in reducing energy costs. Agri-pellets are obtained through mixtures of 
vegetal and forestry waste, being an alternative to the usual pellets because the material that is used in 
the process can be easily found, especially in the case of farms.  
Agricultural and forestry biomass represent the raw material for pellets and agri-pellets 
processing, a product that is used as an alternative energy source to classic versions (wood). The 
mixtures humidity is very important because it has a major impact on product quality. Determining the 
ideal humidity for each type of pellets/agri-pellets is important in order to establish optimal mixtures, 
this paper presenting research results on determining the humidity influence on pellet and agri-pellet 
recipes. 
 




Generally, an alternative/classic solid fuel, including biomass is composed out of: 
 organic mass; 
 anorganic mass; 
 water / humidity (Wt). 
Water/humidity (Wt) and anorganic mass (mineral) represents the balast that creates 
ash and decreases energetic quality. 
Water/humitity (Wt) is partially linked both with organic and mineral (anorganic). It 
constitutes a major inconvenience in the use of biomass as alternative fuel, because it requires 
a large quantity of heat for evaporation, thus leading to a major inferior calorific power 
decrease. Storage time (for drying), designing the burning installation and conducting the 
burning process as well as calorific power are dependent on it. The biogas limit humidity for a 
sustained burn isn’t allowed to top 60% of its mass (Womac et al., 2005, Singh, 2004). 
 Total humidity, Wt, is the sum of: 
• impregnation humidity - Wii, free or superficial (surface) from large capilaries, 
which has normal vapor pressure and is dissipated relatively easy through simple outside 
storage; 
• hygroscopic humidity - Wii, represents the physically linked water to the internal 
pore structure, has smaller vapor pressure smaller than normal pressure and is lost only 
through drying process at temperatures of over 100°C (up to 105°C). 
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Currently, the total humidity is defined as the sum of impregnation humidity and 
hygroscopic humidity. 
In the lower tab. 1 harvesting humidity values for some types of biomass are 
presented.  
Tab. 1 
Harvesting Humidity Values for Biomass Types 
 
No. 
crt. Fuel type Humidity (%) 
1. Straws and straw cereal residue 15÷20 
2. Sun-flower strains 18÷20 
3. Corn stalks and leaves 40÷50 
4. Corn cobs 45 
5. Soya haulm 16÷19 
6. Vine branches 25 
7. Beets leaves and leftover 70÷80 
8. Orchard tree leaves 22÷28 
 
Transforming biomass into thermal energy through burning imposes certain fuel 
humidity values, like the following: 
• maximum biomass humidity for burning in classical burning installations: 25%; 
• maximum biomass humidity for burning in special burning installations: 60%; 
• optimal biomass humidity for burning: 8÷10%. 
From data analysis on humidity values it can be said that drying process is necessary 
for biomass burning. High biomass humidity values during burning negatively influence the 
technical state of the burning installation. 
The main components of biomass are: 
• lignin (C40H44O6) = 15÷30 %; 
• cellulose ( C6H10O5) = 40÷45 %; 
• hemi-cellulose = 20÷35 %. 
The variation limits of the three main components are determined by the species. Long 
cellulose polymers are used by plants for fibre build that gives the plant solidity and lignin 
acts as a binder which holds the cellulose fibers connected. For pellet fabrication the lignin 
content must be as high as possible. For a high calorific power the rates O/C and H/C must be 
as low as possible. (Koppejan et al., 2002, Nussbaumer, 2003). 
 
MATERIALS AND METHODS 
 
 Agricultural and forestry solid biomass, used for experimentation was of the following origins: 
• forestry: forestry residue gathered from the institute, grinded and milled, and fir 
chips; 
• agricultural: straws, miscanthus and stalks. 
 In the purpose of determining the combustibility characteristics of pellets/agri-pellet  
obtained through fabrication technology out of forestry and agricultural solid biomass, two 
batches A, B were taken for analysis and humidity determination, each of them having a 
number of probes in different mixtures/compositions, Fig. 1, (Danciu et al., 2010) thus: 
• Batch A 
R1) 67% Forestry residue + 33% Chips, R2) 80% Miscanthus + 20% Chips; 
R1) 67% Forestry residue + 33% Chips; R2) 80% Miscanthus + 20% Chips; 
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R3) 33,3% Forestry residue + 33,3% Stalks + 33,3% Chips; 
R4) 33,3% Forestry residue + 33,3% Miscanthus + 33,3% Chips; 
R5) 33,3% Forestry residue + 33,3% Straws + 33,3% Chips; 
R6) 100% Stalks; R7) 100% Straws; R8) 100% Miscanthus; R9) 100% Fir Chips; 
R10) 100% Forestry residue; R11) 25% Miscanthus + 50% Forestry residue + 25% Chips; 
R12) 50% Forestry residue +50% Chips; 
R13) 33,3% Miscanthus + 33,3% Forestry residue + 33,3% Chips; R14) 100% rape residue. 
 
• Batch B: 
R1) Forestry residue: 100% (two humidity values); R2) Chips: 100% (two humidity values); 
R3) Forestry residue: 33,33%; Chips: 33,33% and Stalks: 33,33% (one humidity value); 
R4) Forestry residue: 33,33%; Chips: 33,33% and Straws: 33,33% (one humidity value); 
R5) Forestry residue: 33,33%; Chips: 33,33% and Miscanthus: 33,33% (one humidity value); 
R6) Forestry residue: 65% and Miscanthus: 35% (two humidity values); 
R7) Forestry residue: 65% and Straws: 35% (two humidity values); 
R8) Chips: 65% and Miscanthus: 35% (two humidity values); 
R9) Chips: 65% and Straws: 35% (two humidity values); 
R10) Forestry residue: 60% and Miscanthus: 40% (two humidity values); 
R11) Forestry residue: 60% and Straws: 40% (two humidity values); 
R12) Chips: 60% and Miscanthus: 40% (two humidity values); 
R13) Chips: 60% and Straws: 40% (two humidity values); 
R14) Forestry residue: 55% and Miscanthus: 45% (two humidity values); 
R15) Forestry residue: 55% and Straws: 45% (two humidity values); 
R16) Chips: 55% and Miscanthus: 45% (two humidity values); 
R17) Chips: 55% and Straws: 45% (two humidity values); 
R18) Forestry residue: 50% and miscanthus: 50% (two humidity values); 
R19) Forestry residue: 50% and Straws: 50% (two humidity values); 
R20) Chips: 50% and Miscanthus: 50% (two humidity values); 
R21) Chips: 50% and Straws: 50% (two humidity values); 
R22) Forestry residue: 43%; Chips: 43% and Stalks: 16% (two humidity values). 
 
     
 
Fig. 1. Material mixtures ready for tests 
 
 The humidity from batch A was determined with a laboratory oven, and that of batch 
B (R1÷R22), where the humidity values where varied, between 10÷22%, in order to analyze 
behavior of the pellet machine and finally of the obtained pellets, according to humidity, with 
a thermo balance (Fig. 2). 
 The minimum humidity of 10% was picked taking into consideration the forestry 
residue pellet producers, which recommend an optimal humidity of 10÷12%. In our case – 
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agripellet fabrication, the experiments began at a mixture humidity value of 10% and were 
raised to approximately 22%, looking at the pellet machine behavior and the quality of agri-
pellet  obtained. Each recipe introduced in the technological flow of pellet and agripellet 
fabrication was of 10 kg, varying the proportions of forestry and agricultural biomass in the 
mixtures. 
 Before inserting the probe in the thermobalance it was tarred (brought to 0), after 
which the probe was put in the thermobalance chamber and the lid was closed. 
 
    
 
Fig. 2. Thermobalance used for batch B mixture humidity determination 
 
RESULTS AND DISCUSSION 
 
Sample probes (biomass) from batch A were subjected to specific solid combustible 
laboratory analysis for total humidity determination: 
Through technical analysis humidity was determined (Wii, Whi, Wti). 
- Impregnation humidity: SR 5264:1995 
- Hygroscopic humidity: SR 5264:1995 
- Total humidity  SR 5264:1995 
Analytical testing results for probes subjected to analysis and recalculated in 
accordance with the STAS 398/82 standard at biomass fuel initial state are presented in Tab. 2 
and Fig. 3. 
Tab. 2 
Analytical results for analyzed probes 
 
Sample No. Wii [%] Whi [%] Wti [%] 
1. 4.55 16.24 20.79 
2. 6.25 10.79 17.04 
3. 0.00 11.64 11.64 
4. 0.00 11.77 11.77 
5. 0.00 10.72 10.72 
6. 0.00 10.38 10.38 
7. 0.00 9.57 9.57 
8. 0.00 11.17 11.17 
9. 0.00 6.60 6.60 
10. 1.95 4.14 6.09 
11. 0.00 7.19 7.19 
12. 0.00 5.08 5.08 
13. 0.00 5.26 5.26 




Fig. 3. Graph representation of the total humidity values for probes 1÷8 and 9÷14 
 
Probe samples (biomass) from batch B were subjected to analysis in order to determine 
mixture humidity and hectolitrical mass (Tab. 3): 
Tab. 3 




Recipe (Mixture) [%] Humidity 
[%] 
Hectolitrical 
mass [kg/m3] Obtained Pellets Observations FR C M Sw Sk 
0 1 2 3 4 5 6  7 8 
1. 100 - - - - 12.46 508.36 
 
Obtained pellets have good 
density, quality product 
2. 100 - - - - 22.6 351.29 
 
Humidity is too high, pellets 
crumble 
3. - 100 - - - 10.94 554.26 
 
Pellets have good density, 
quality product 
4. - 100 - - - 15.4 411.13 
 
Pellets have good density, 
the quality suffered a slight 
drop 
5. 33.34 33.33 - - 33,33 13.26 476.23 
 
Agri-pellet  obtained have a 
good density, quality product 
6. 43 43 - - 14 14.14 458.36 
 
Agri-pellet  obtained have a 
good density, quality product 
7. 33.34 33.33 - 33.33 - 12.61 491.91 
 
Agri-pellet  obtained have a 
good density, quality product 
8. 33.34 33.33 33.33 - - 12.86 483.34 
 
Agri-pellet  obtained have a 
good density, quality product 
9. 65 - 35 - - 13.64 461.63 
 
Density of agri-pellet  suffered 
a slight drop, acceptable quality 
10. 65 - 35 - - 15.15 409.19 
 
Density of agri-pellet  suffered 
a slight drop, acceptable quality 
11. 65 - - 35 - 12.67 443.88 
 
Density of agri-pellet  suffered 
a slight drop, acceptable quality 
12. 65 - - 35 - 15.15 404.09 
 
Density of agri-pellet  suffered 
a slight drop, acceptable quality 
13. - 65 35 - - 12.79 434.96 
 
Density of agri-pellet  suffered 




Recipe (Mixture) [%] Humidity 
[%] 
Hectolitrical 
mass [kg/m3] Obtained Pellets Observations FR C M Sw Sk 
0 1 2 3 4 5 6  7 8 
14. - 65 35 - - 15.33 364.00 
 
Density of agri-pellet  suffered 
a slight drop, acceptable quality 
15. - 65 - 35 - 12.93 451.27 
 
Density of agri-pellet  suffered 
a slight drop, acceptable quality 
16. - 65 - 35 - 13.36 408.36 
 
Density of agri-pellet  suffered 
a slight drop, acceptable quality 
17. 60 - 40 - - 12.13 379.64 
 
Density of agri-pellet  suffered 
a dramatic drop, lower 
humidity doesn’t favor their 
quality 
18. 60 - 40 - - 15.04 386.15 
 
Density of agri-pellet  suffered 
a dramatic drop, but due to 
higher humidity they have a 
better quality 
19. 60 - - 40 - 12.38 380.44 
 
Densitatea agripeleţilor a scăzut 
mult, umiditatea mai scăzută 
nu favorizează calitatea 
acestora 
20. 60 - - 40 - 14.89 389.36 
 
Density of agri-pellet  suffered 
a dramatic drop, lower 
humidity doesn’t favor their 
quality 
21. - 60 40 - - 12.17 375.54 
 
Density of agri-pellet  suffered 
a dramatic drop, lower 
humidity doesn’t favor their 
quality 
22. - 60 40 - - 15,13 394,16 
 
Density of agri-pellet  suffered 
a dramatic drop, lower 
humidity doesn’t favor their 
quality 
23. - 60 - 40 - 12,54 372,77 
 
Density of agri-pellet  suffered 
a dramatic drop, lower 
humidity doesn’t favor their 
quality 
24. - 60 - 40 - 15.36 391.58 
 
Density of agri-pellet  suffered 
a dramatic drop, higher 
humidity favors their quality 
25. 55 - 45 - - 11.31 379.15 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 
lower humidity doesn’t favor 
their quality 
26. 55 - 45 - - 15.84 450.22 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 
higher humidity  led to a rise in 
their qualityquality 
27. 55 - - 45 - 12.73 394.56 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 




Recipe (Mixture) [%] Humidity 
[%] 
Hectolitrical 
mass [kg/m3] Obtained Pellets Observations FR C M Sw Sk 
0 1 2 3 4 5 6  7 8 
their quality 
28. 55 - - 45 - 15.14 404.28 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 
higher humidity  led to a rise in 
their quality 
29. - 55 45 - - 12.44 373.66 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 
lower humidity doesn’t favor 
their quality 
30. - 55 45 - - 14.96 390.45 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 
higher humidity  led to a rise in 
their quality 
31. - 55 - 45 - 12.35 371.96 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 
lower humidity doesn’t favor 
their quality 
32. - 55 - 45 - 15.09 405.38 
 
Agripellet overall quality  
dramatically dropped as a result of 
adding too much vegetal biomass, 
higher humidity  led to a rise in 
their quality 
33. 50 - 50 - - 15.78 384.78 
 
Due to a high percentage of 
vegetal biomass, the quality 
of the agri-pellet  is poor 
(they easily crumble) 
34. 50 - - 50 - 15.74 387.15 
 
35. - 50 50 - - 15.96 388.46 
 
36. - 50 - 50 - 16.08 390.15 
 





After pellets/agri-pellet  fabricated by the pilot installation at INMA Bucharest, where 
subjected to humidity determinations, the following conclusions were drawn: 
 
 For 1÷14 forestry and agricultural biomass mixtures from batch A: 
- the impregnation humidity content (superficial) is very low (for 3 ÷ 8 and 10 ÷ 14 is 
zero); 
- total humidity of analyzed probes is mainly due to hygroscopic humidity. 
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Through pellet technology application on mixtures of forestry and agricultural 
biomass, the inferior calorific power rises for fabricated pellets, unlike milled biomass – all 
probed samples presented a low humidity content and an inferior calorific power equivalent 
with that of brown coal, which is a clear recommendation for use as a solid fuel. 
 
 For 1÷36 mixtures of forestry and agricultural biomass from batch B: 
 forestry biomass: pellets: 
- pellets obtained from forestry biomass: forestry residue and chips/sawdust have a 
high quality at an average humidity between 10,5÷12%; 
- with the rise in humidity, the quality of pellets obtained from forestry biomass 
drops proportionally, also the density suffered a drop; 
- the quality of the pellets is high both in the case of chips and forestry residue, in 
different percentages, as well as for pellets obtained out of chips/forestry residue. 
 
 forestry and vegetal biomass: agri-pellet : 
- agri-pellet  obtained from agricultural and forestry biomass in different mixtures: FR-C-
Sw (33.34-33.33-33.33)% or (43-43-14)%; FR-C-M (33.34-33.33-33.33)%; 
- FR-C-Sk (33.34-33.33-33.33)%, have a good quality at an average humidity of 12÷14%; 
- agri-pellet  obtained from agricultural and forestry biomass, in two mixtures, at two 
different humidity values (one: 12÷13, as it is recommended for pellets and the second: 
15÷16%), as it follows: FR-M (65-35)%; FR-Sw (65-35)%; C-M (65-35)%; C-Sw (65-35)%, 
have a good quality, their density suffered a slight drop, a rise in humidity didn’t have a 
significant influence on quality; 
- agri-pellet  obtained from agricultural and forestry biomass, in two mixtures, at two 
different humidity values (one: 12÷13, as it is recomended for pellets and the second: 
15÷16%), as it follows: FR-M (60-40)%; FR-Sw (60-40)%; C-M (60-40)%; C-Sw (60-40)%, 
have a low quality, their density suffered a dramatic drop, a rise in humidity positively 
influenced the quality; 
- agri-pellet  obtained from agricultural and forestry biomass, in two mixtures, at two 
different humidity values (one: 11.3÷12.73% and the other: 14.96÷15.84%), as it follows: FR-M 
(55-45)%; FR-Sw (55-45)%; C-M (55-45)%; C-Sk (55-45)%, have a low quality, their density 
suffered a dramatic drop, a rise in humidity positively influenced the quality; 
- agri-pellet  obtained from agricultural and forestry biomass, in two mixtures, at two 
different humidity values 15,74÷16,08% (which favors higher percentage of vegetal biomass 
in the pellets), as it follows: FR-M (50-50)%; FR-Sw (50-50)%; C-M (50-50)%; C-Sw (50-
50)%,  have an overall poor quality due to high vegetal biomass percentage, agri-pellet  crumble 
easily. 
The quality of agri-pellet  is strongly influenced by the percentage of vegetal biomass 
from the mixture and by its humidity. If, in the case of pellets, higher humidity led to a drop 
in quality, in the case of agri-pellet , a rise in humidity up to 15.5% (max 16%) favors a rise in 
agripellet density, and thus, their quality.  
Agri-pellet  have a good quality at a vegetal biomas percentage of 40%, satisfactory at 
45%, above this level due to low content of lignin in the mixtures, pellets do not form. From 
the mixtures of agri-pellet  obtained, the ones that have Miscanthus in their composition are of 







1. Danciu A., Vlăduţ V. et al., (2010). Solid biomass technology for agricultural and forestry 
exploitation in order to obtain clean energy and reduce greenhouse gases emissions. Testing report - 
Technology for making pellets and agri-pellets. contr. 21 008/14.09.2007. Bucharest. 
2. Koppejan, J., S. van Loo, et al. (2002). Handbook of Biomass Combustion and Cofiring. 
IEA Bioenergy Task 32: Biomass Combustion and Cofiring. Twente University Press. 2002. 
3. Nussbaumer Th. (2003). Combustion and Co-combustion of Biomass:  Fundamentals, 
Technologies, and Primary Measures for Emission Reduction. Energy Fuels. 17(6): 1510–1521. 
4. Womac A. R., C. Igathinathane, S. Sokhansanj and L. O. Pordesimo. (2005). Biomass 
moisture relations of an agricultural field residue: corn stover. Transactions of the ASAE. 48(6): 
2073−2083. American Society of Agricultural Engineers. ISSN 0001−2351. 
5.Singh R. N. (2004). Equilibrium moisture content of biomass briquettes. Biomass and 
Bioenergy. 26: 251 – 253. Thermochemical Conversion Division. Sardar Patel Renewable Energy Research 
Institute. 
